Abstract
Introduction
With the great advancements in educational technologies and instructional science, the latest information and communication technologies (ICTs) in conjunction with mobile devices have created a variety of innovative means to teaching and learning. Such technology-enhanced learning not only leads to active and ubiquitous leaning, but also promotes the generation of learning communities [1] . However, simply presenting information to students does not guarantee that learning will take place [2] . By increasing mutual interaction among users, e-learning has sufficient opportunities to simulate critical thinking and deeper processing of the subject matter [3] . In addition to providing course materials, e-learning systems nowadays enable students to interact with their classmates and teachers by means of discussion forums, chat rooms, instant messaging, or e-mail. As online discussions hold a promise for collaborative knowledge construction, increasing the degree of interactivity among learners becomes a major and growing player in a world of continuous learning [4] . Both teachers and learners alike need to embrace the latest ways to interact with people and course materials to enhance learning effectiveness.
Social-networking sites (SNS) have become the preferred forum for social interaction, and have made a great impact on knowledge sharing and learning performance by means of online discussion, content creation, file sharing, and entertainment [5] . Some social networking sites, such as Flickr and Facebook, furnish users with a highly interactive photo-sharing environment, which allows the user to create tags or annotations on a photo. This photo-sharing environment can be an innovative method for learners to demonstrate their problems by posting screenshots, rather than personal photos, when they encounter computer software difficulties [6] . In particular, Flickr provides its users with three types of annotationsstickers, drawings, and texts-to pinpoint the specific portion of the screenshot by means of the annotation tools, called photo editor, as shown in Figure 1 . Every screenshot is unique and personalized after annotation. For example, as shown in Figure 2 , a sticker annotation can be made by drawing a rectangle, adjusting its position and size, and entering text above a screenshot. Hence, software problems can be described more clearly than with text alone and can be solved with greater certainty.
This study was performed to make use of Flickr annotations to support computer software learning. When users encounter particular software problems, they may be confused and have difficulty describing their problem when they attempt to obtain help. By using screenshots, the acquisition of computer software skills could become easier and more efficient.
The emergence of social-networking media has increased connectivity within society. As people tend to rely heavily on peer-to-peer interaction, they have swiftly adopted the new media formats [7] . Students tend to embrace the new information technology, but does this use and enthusiasm translate into perceptions of increased learning effectiveness [2] ? As the development of annotation systems matures, much research has proved their positive influence on users' learning performance [8] Course difficulty is positively associated with learning outcome and achievement [15] [16] . Moreover, when it is difficult for students to earn high grade in a course, earning high grades plays a strong role in helping to produce high student evaluations [17] . Thus, course with higher level of difficulty may help to improve students' learning effectiveness by using Flickr screenshot annotations. This study thus examines the relationship between users' intention and learning effectiveness under different types of computer software. The moderating effect of course difficulty was examined. The study aims to investigate the effects of Flickr screenshot annotations in the context of computer software learning. A three-course investigation was conducted. The subjects of this study are undergraduates who are about to take computer software courses, and the information technology measured is Flickr screenshot annotations. In addition to understand users' learning effectiveness, two context-related factors, peer opinion and personal innovativeness, were chosen as the basis for the research model. Hence, this study intended to answer the following question: Does Flickr screenshot annotations enhance the users' understanding and improve learning effectiveness? This study emphasizes the moderating role of course difficulty, making it a milestone in understanding the effectiveness of e-learning platforms. The results not only augment the theorization and application of screenshot annotation, but also offer insights into enhancing e-learning effectiveness.
Literature review
The rapid growth of information technologies has given rise to a variety of e-learning platforms. Most elearning platforms provide instructional materials for users that are presented through various types of media, such as text, image, audio, animation, and video. However, simply providing multimedia instructional materials does not necessarily improve users' understanding of the instructional content [18] . Because the instructional content often contains high levels of equivocality and uncertainty, the instructional materials are increasingly being supplemented with discussions and interaction among users to help them comprehend the content. Hence, e-learning platforms should provide effective ways of not only presenting the instructional materials, but also enhancing understanding through the interaction between the users.
According to media richness theory [19] [20] , task performance is greatly improved when the task requirements match the richness of the medium. The use of the appropriate media enables users to communicate clearly, convey information easily, rapidly acquire shared meaning and knowledge, and thereby enhance their understanding. However, synchronous media may not be the "richest" form of communication, as the richness largely depends on the context [21] . In this study, we applied Flickr annotations as a supplement to the discussion forum. During the semester course, users were able to use Flickr annotations to hand in homework and to explain their problems for troubleshooting. We found that asynchronous media were more effective than synchronous media.
As most e-learning systems place greater emphasis on information than communication, Hamuy and Galaz [11] proposed a course management system to enhance learning through interaction in a virtual environment. They further suggested that e-learning systems should provide students with sufficient opportunities for information interaction and communication interaction if the aim is to enhance students' learning performance. Schellens and Valcke [22] found that students in discussion groups are very task-oriented, and that asynchronous discussion systems can result in higher levels of knowledge construction. Thus, the inclusion of a discussion environment in an e-learning system can increase students' learning. For example, Jeong and Joung [10] proposed an asynchronous onlinediscussion system that uses message constraints and labels, which are helpful for identifying critiques and post arguments. Nonetheless, most bulletin post systems and even the discussion forums in annotation systems are in textual format and do not use richer media. However, argumentative diagram tools, which exhibit greater richness, are much more useful than text-outline tools in helping users discuss difficult problems [23] .
Annotation systems
Increasing numbers of e-learning platforms are using text annotation functions, such as the Web 2.0 annotation system MyNote [24] and the social annotation tool Diigo [25] . These annotation systems are useful for peer critiques [26] , discussions, and brainstorming. However, these annotation systems focus on online materials such as static web pages and documents. As the degree of task or course difficulty increases, text annotation may not be "rich" enough to enable learners to solve problems. Thus, other types of annotations with higher levels of media richness need to be considered.
In this study, we used Flickr annotations to improve users' learning performance while learning computer software. Flickr is a photo-sharing platform that allows three types of annotations to be added to a specific photo, namely, stickers, drawings, and texts. All users are able to upload screenshots to Flickr. To clarify what their screenshots mean, they can describe their problems or provide their opinions by attaching annotations to a specific screenshot. Others can continue to communicate about the specific screenshot by leaving comments in the section below the screenshot. Thus, through the use of annotations, such as stickers, drawings, and texts, Flickr provides the users of e-learning platforms with an easier way to describe or understand problems than the solely text based systems. Furthermore, in computer software learning, users often encounter unpredictable problems that they are unable to describe clearly. Hence, according to media richness theory, the screenshot annotations on Flickr can provide higher levels of richness and thus overcome the abovementioned difficulties. In this study, screenshots were treated as boundary objects that could establish common meaning and in turn enhance the efficiency of the communication between users [27] [28].
Learning effectiveness
Annotation systems have been shown to significantly improve learning performance. For example, VPen, a web-based annotation system, successfully increased learners' interest and learning performance by promoting interaction between learners [9] . A personalized annotation management system (PAMS) was found to be useful for conducting learning tasks [12] . A web-based collaborative annotation system, called Hy-Lighter, was also found to not only improve students' learning comprehension and outcome achievement, but also increased the students' engagement, reading comprehension, and meta-cognitive skills [14] .
Our main research question is do the screenshot annotations on Flickr enhance learners' understanding and improve learning effectiveness? The dependent variable is learning effectiveness. When assessing elearning effectiveness, we need to consider not only the actual effectiveness of the learning content, but also the perceived effectiveness of the e-learning system [29] because the degree of satisfaction with the learning achievement in on-line courses is a critical factor in determining learning effectiveness [30] . In addition, Lowerison, Sclater, Schmid, and Abrami [2] suggested that positive learning experiences include the users' feeling that they have effectively interacted with the instructor and other students, and that the users feel in control of their own learning by means of their active participation. Hence, to measure learning effectiveness, we evaluate students' perceived satisfaction with their learning experiences.
Intention and learning effectiveness
Over the past two decades, the technology acceptance model (TAM) has successfully explained the adoption of new information technology [31] [32] , and consistently predicted about 40% of the variance in users' intentions to use information technology and actual usage [33] . The TAM adopts the premise that users' behavioral intentions regarding information technology determines their actual usage behavior [34] . The research context of this study is computer software learning, and the information technology that is measured is the screenshot annotations on Flickr. Thus, it is necessary to clarify the relationship between learners' intentions to use the Flickr screenshot annotations and their learning effectiveness.
The use of social annotation tools has significantly promoted learners' intentions to read online materials [14] . Students tend to value the use of new information technology for learning [2] [35] . As Barak and Levenberg [36] stated, learners with flexible thinking had higher level of acceptance of new or changing technologies, and thus adapted to changes in learning situations. Therefore, if users have a greater intention to participate in the screenshot annotations on Flickr, their learning effectiveness will be improved. Based on the foregoing reasoning, we propose the following hypothesis.
Hypothesis 1:
The greater the users' intention to use screenshot annotations, the greater their learning effectiveness.
Peer opinion
Lewis, Agarwal, and Sambamurthy [37] found that knowledge workers desired social companionship and tended to concur with their colleagues' opinions on the adoption of new information technology. Colleague opinion has been shown to have a normative influence on knowledge workers. For instance, Kim and Kankanhalli [38] found that favorable colleague opinion had a negative effect on user resistance. In contrast, we expect that colleague opinion will have a positive influence on users' willingness to adopt a new information technology.
Kim and Kankanhalli [38] treated colleague opinion as a kind of subjective norm, which has previously been identified as an antecedent of the TAM [39] . As active participants usually have a positive attitude toward social annotation systems [13] , their positive opinion is likely to influence their peers. Thus, we included peer opinion as an antecedent of intention in this study because it may affect users' behavioral intentions with regard to the adoption of Flickr screenshot annotations. Based on this reasoning, we propose the following hypothesis.
Hypothesis 2:
The higher the level of positive peer opinion, the greater the users' intention to use Flickr screenshot annotations.
Personal innovativeness
It is important to investigate the factors that affect the use of an innovation after it becomes available to the wider population [40] . Hirshman [41] found that people with stronger novelty-seeking motives may demonstrate greater willingness to adopt an innovation. In addition to examining the relationship between personal computer adoption and the user's need for innovativeness [42] , Lin [43] 
Moderating role of course difficulty
Task difficulty has been found to have significant effects on organizational learning performance [44] [45] . Task difficulty clearly involves numerous factors. The factor that is most relevant to our context of computer software learning is course difficulty, which has been shown to be positively associated with learning outcomes and achievement within student groups [46] [47]. Tucker, Jones, Mandy, and Gupta [47] found that although students perceived a higher degree of course difficulty, they spent more time learning the subject by trying to figure out the puzzles they encountered, which led to greater levels of academic stress. In this regard, more difficult courses are likely to affect students' learning outcomes. For instance, when students have difficulty earning high grades in a course, earning high grades plays a strong role in helping to produce high student evaluations [17] . Therefore, courses with higher levels of difficulty may help to improve students' learning effectiveness when using Flickr screenshot annotations. Thus, we examine the relationship between users' intentions and learning effectiveness under different types of computer software.
Course difficulty is the degree of difficulty of the subject matter being taught. In this study, the subject matter comprises three types of computer software, namely, Linux Fedora, Linux servers, and freeware applications. When users learn different types of computer software, they encounter problems that have different levels of equivocality and uncertainty. Thus, we expect that when users learn more difficult computer software, they will be more likely to exhibit their problems by using the screenshot annotations on Flickr and, as a result, will demonstrate a higher degree of learning effectiveness. This leads to the following hypothesis.
Hypothesis 4:
The higher the level of course difficulty, the stronger the relationship between users' intention and learning effectiveness.
We measured the effects of peer opinion and users' personal innovativeness on users' intention. In addition to examining the direct effect of users' intention to use Flickr screenshot annotations on their perceived learning effectiveness, we examined the moderating effect of course difficulty on the relationship between users' intention and learning effectiveness. The research model is summarized in Figure 3. 
Research method
As the context of the study is computer software learning, the type of software used is a significant factor. Moreover, students' prior experience with computer software will influence their perception of the difficulty of learning the same computer software.
Figure 3. Research model
However, the percentage of students who consider a specific type of software to be difficult increases as the difficulty of the software increases. In other words, more students will encounter difficulties in learning a difficult type of software than in learning an easier one. To comprehensively assess the effect of applying Flickr screenshot annotations to computer software learning, the software taught should include both easy and difficult examples. Thus, this study was conducted in three courses. Flickr was introduced to the students in three different courses over two years. The difficulty of each course varied. Students learned to use a different software application with annotating images in Flickr in each course. As shown in Table 1 , a series of experiments were carried out under the research setting using target courses focusing on Linux Fedora, Linux servers, and freeware applications. Out of the three applications, the most difficult application for students was expected to be Linux servers. Data from students who had previously taken the other courses in the research study were not included in the subsequent study. As the difficulty of the subject matter being taught ranged from easy to difficult, we were able to evaluate the course difficulty with greater confidence. In addition, the subjects of the study were 289 undergraduates majoring in management information systems. The participants enrolled in one of the three target courses, which were taught in three different semesters.
As a major part of the course requirement, the students were required to hand in their homework to Flickr and describe their problems by using Flickr annotations. To control the frequency of the students' Flickr use, five pieces of homework were assigned in each course. However, all of the students were encouraged to propose problems regarding their homework or software learning on Flickr. Each homework assignment or problem could be expressed in screenshot format. Specifically, the students were able to upload screenshots to Flickr and were encouraged to respond to all of the screenshots. Thus, the students were able to demonstrate their homework and problems more vividly and clearly by using the various types of annotations above specific screenshots, and were able to discuss or share their opinions by leaving comments in the section below a specific screenshot. If the students appreciated any annotated screenshot, they could "like" it by clicking the adjacent "fave" icon. By doing so, the students were able to determine how many views, faves, and comments were earned by a specific screenshot and its respective annotations. The students were familiar with using screenshots because they all had experience with social networking media, such as Facebook and Flickr.
This study comprised a three-stage investigation. To investigate the effects of Flickr screenshot annotations on computer software learning, questionnaires were administered to 289 students, who enrolled in one of the target courses taught over the three semesters. The students were aware that they were involved in a project, but were blinded to the research hypotheses.
A questionnaire survey was administered to measure the students' intention to use Flickr screenshot annotations, peer opinion, personal innovativeness, perceived learning effectiveness, and course difficulty when using Flickr screenshot annotations to demonstrate their problems in learning specific types of computer software. The research model shown in Figure 3 was tested using the survey data accumulated during the three-stage data collection process.
The independent variables in this study were students' intention, peer opinion, and their personal innovativeness, whereas the dependent variable was learning effectiveness. In addition, the moderating variable was course difficulty. These five variables were measured on a seven-point Likert scale ranging from 1 "strongly disagree" to 7 "strongly agree." The measurement of each construct is described as follows. Intention. The items of intention (three items) were adapted from Ajzen and Fishbein's scale [48] with modifications to measure students' intention to apply screenshot annotations on Flickr. The scale has been confirmed as having high levels of flexibility, reliability, and generalizability in a number of studies. The Cronbach's α for this three-item measure was .952. Personal innovativeness. We used the scale developed by Lin [43] to assess users' personal innovativeness, which is defined as the users' desire for innovative ideas or products. The scale contains four items, which focus mainly on measuring the degree of an individual's interest and involvement in keeping up with the knowledge of innovative ideas or products. The Cronbach's α for this four-item measure was .974. Peer opinion. Kim and Kankanhalli [38] developed a scale to assess colleague opinion as perceived by users. The scale comprises three items, which we used to measure the degree of classmates' positive opinion toward the use of screenshot annotations on Flickr. The Cronbach's α for this three-item measure was .916. Learning effectiveness. We measured learning effectiveness by the students' perceived satisfaction with their learning experiences, as measured on a 7-item scale [2] . The students were asked to indicate the effectiveness of the screenshot-annotation system used in the course. The Cronbach's α for this seven-item measure was .976.
Course Difficulty. Addison, Best, and Warrington [17] developed a course experience questionnaire (CEQ) that uses 10 items to measure students' perceived course difficulty and instructor evaluation. We adapted three items from the CEQ to measure course difficulty. Each course focused on a specific type of computer software, namely, Linux Fedora, Linux servers, and freeware applications. In addition to the varying difficulty of each course, the students had varying levels of personal software experience and prior knowledge. Thus, course difficulty was measured by the students' perceptions of the courses in which they were enrolled. The Cronbach's α for the three-item measure was .960.
Results

Data analysis
Of the 289 students attending the classes, 281 completed the questionnaires, giving a response rate of 97.2%. The correlations between the variables were tested using Pearson's correlation coefficient. As shown in Table 2 , all of the variables were significantly interrelated. Peer opinion, personal innovativeness, intention, and learning effectiveness were positively correlated with each other, while course difficulty was negatively correlated the other four variables. Peer opinion and personal innovativeness were also found to be positively correlated with learning effectiveness. Although these relationships were not examined in this study, the results provide interesting cues for future exploration. However, correlation does not imply causation. Thus, we further examined the causal relationships between the variables by means of structural equation modeling.
Structural model
Using the 281 records, the proposed model was assessed with maximum likelihood estimation using AMOS. All of the calculations were based on the covariance matrix of the variables. Four common model-fit measures were used to assess the model's overall goodness of fit, the ratio of χ2 to the degrees of freedom (CMIN/DF), adjusted goodness-of-fit index (AGFI), comparative fit index (CFI), and root mean square error of approximation (RMSEA).
The results indicated that the proposed model (CMIN/DF = 2.333; AGFI = .837; CFI = .971; RMSEA = .069) had a good fit, because the values for all of the criteria were better than the recommended values (CMIN/DF＜3; AGFI＞.80; CFI＞.95; RMSEA ＜ .08). Thus, we used the model to examine our hypotheses.
As shown in Figure 4 , the standardized path coefficient from peer opinion to intention was positive, and the relationship was statistically significant. Thus, Hypothesis 2 was supported. Although the path running from personal innovativeness to intention was statistically significant, the standardized path coefficient was negative rather than positive. Thus, Hypothesis 3 was not supported.
The relationship between intention and learning effectiveness was statistically significant with a positive standardized path coefficient, confirming Hypothesis 1. Through its direct effects on intention, peer opinion affected learning effectiveness indirectly and positively, whereas personal innovativeness had a negative rather than positive indirect effect on learning effectiveness. The R 2 value indicated that 75% of the variance in users' learning effectiveness was explained by the course difficulty and their intention.
Although both intention and course difficulty were found to have direct positive effects on learning effectiveness, the effect of the interaction between intention and course difficulty on learning effectiveness was significantly negative. Thus, the moderating effect of course difficulty was confirmed. Hypothesis 4 was supported.
Course difficulty was shown to moderate the relationship between intention and learning effectiveness. This interaction effect is illustrated in Figure 5 . When the students perceived relatively greater course difficulty, their intention had a strong and positive effect on learning effectiveness. However, when the degree of course difficulty was relatively low, the students' intention still had a strong and positive effect on learning effectiveness. However, the learning effectiveness of high-intention students in the highdifficulty course was better than the low-intention students' learning effectiveness in the low-difficulty course.
An important practical implication of these findings is that students' learning effectiveness may be significantly enhanced by enhancing their intention to apply screenshot annotations on Flickr while learning computer software, regardless of whether the perceived course difficulty is low or high. The results of this study show that Flickr screenshot annotations are not only a convenient way to supplement computer software learning, but are also a useful means for students to interact with each other for troubleshooting.
Conclusion
In this study, the screenshot annotations on Flickr, which include stickers, drawings, and texts, were used to enhance students' learning effectiveness while learning computer software in three target courses. We empirically examined the effects of students' personal innovativeness and peer opinion on their intention, and the moderating effect of course difficulty on the relationship between intention and learning effectiveness.
The results showed that the students' intention had a positive influence on their learning effectiveness. The Flickr screenshot annotations were also found to increase the students' intention, thereby shedding light on the process of enhancing students' learning effectiveness. Moreover, peer opinion and students' personal innovativeness were identified as antecedents of their intention to use the Flickr screenshot annotations. Although peer opinion had a positive effect on intention, personal innovativeness, surprisingly, had a negative rather than positive effect. Hence, this study suggests that the most efficient means of enhancing students' learning effectiveness is to boost their intention by directing positive peer opinion toward the use of Flickr screenshot annotations, which can facilitate more practice and cooperative troubleshooting.
Furthermore, course difficulty was found to moderate the relationship between intention and learning effectiveness, which was positive when the degree of course difficulty crossed a specific threshold. The relationship between intention and learning effectiveness was closely linked to the subject being taught. The results based on the three computer software courses with different levels of difficulty confirmed the moderating effect of course difficulty.
The findings of this study contribute to the development of theories concerning the effect of course difficulty on learning effectiveness. A specific type of e-learning platform is not necessary for all courses. With respect to determining what kind of course is suitable for a platform, our results suggest that it is more appropriate to consider students' perceived course difficulty in advance. This study also contributes to the learning effectiveness research by showing that learning effectiveness can be enhanced by promoting positive peer opinion in computer software courses. As the results indicate, the students' greater intention led to better learning effectiveness. Therefore, teachers should concentrate on devising strategies to encourage students to share their positive experiences when using Flickr screenshot annotations to strengthen the peer opinion.
